Pancreatic RNAase (ribonuclease) from the pike whale (lesser rorqual, Balaenoptera acutorostrata) was isolated by affinity chromatography. The 
To date many pancreatic RNAases* have been sequenced (Welling et al., 1975a) . Because of the relatively high number of differences in primary structure, the comparative study of ribonucleases may give valuable information on structure-function relationships but also for phylogenetic studies of RNAases (Welling et al., 1975b) .
In the present paper we describe the determination of the primary structure of pancreatic RNAase of the pike whale (lesser rorqual, Balaenoptera acutorostrata).
Experimental Materials and Methods
Pancreatic tissue from the lesser rorqual was collected during a whaling cruise in the Barents Sea and was kept frozen until use. All materials and methods were the same as described by Welling et al. (1975a) unless otherwise stated.
Isolation ofRNAase
Several preparations of lesser-rorqual RNAase were made from individual samples of pancreatic tissue by extraction with H2SO4, (NH4)2S04 precipitation (Zwiers et al., 1973 ) and affinity chromatography as described by Wierenga et al. (1973) . The RNAase activity was measured as described by Campagne & Gruber (1962) . A separation of the glycosidated and non-glycosidated components of the lesser-rorqual RNAase was achieved by chromatography on CM-cellulose (CM-32, W. and R. Balston, Maidstone, Kent, U.K.) as described by Aqvist & Anfinsen (1959) , with minor modifications (see the legend of Fig. 1 ).
The number of normally and abnormally titrating tyrosine residues in bovine and lesser-rorqual RNAase was determined spectrophotometrically as described by Tanford et al. (1955) .
Cleavage methods andpeptide nomenclature Hydrolysis with proteolytic enzymes was carried out with three independent preparations of lesserrorqual RNAase. RNAases A (35mg) and B (17mg) were separately aminoethylated and digested with trypsin as described by Zwiers et al. (1973) . The numbers of the peptides obtained from this digest are prefixed by the letter T. The other digests were prepared from mixtures of RNAase A and B. Lesser-rorqual RNAase (44mg) was oxidized with performic acid at OC (Hirs, 1956 ) and digested with thermolysin as described by Ambler & Meadway (1968) . The numbers of the fragments obtained from this digest are prefixed by the letter H. Another portion of oxidized lesser-rorqual RNAase (40mg) was digested with a proteinase from Staphylococcus aureus V8 (Glu-enzyme) at pH7.8 as described by Houmard & Drapeau (1972) . The numbers of the fragments obtained from this digest are prefixed by the letter G. Whale RNAase was also cleaved with CNBr as described by Welling et al. (1975a) . Only one peptide of this digest was used for sequencing and it is denoted by the letters CN.
Secondary cleavages
Large peptides of the tbermolysin and Glu-enzyme digest were digested with trypsin. Peptides (100-400nmol) were dissolved in 250,ul of 0.2M-N-ethylmorpholine acetate, pH 8.1, and lO,ul of trypsin solution (1 mg/ml in 0.001 M-HCI) was added. The mixture was incubated at 37°C for 2h, and the resulting peptides were separated by preparative paper electrophoresis at pH3.5 as described by Ambler (1963) .
Peptide studies
The first purification step of the peptides from the different digests was gel filtration on Sephadex G-25 (superfine grade) in 0.1 M-acetic acid. The H and T peptides were fractionated on a column (lcmx200cm) at flow rates of 16 and 6ml/h respectively, 1,8ml fractions being collected. The G peptides were fractionated on a column (1.2cmx x300cm) at a flow rate of 5ml/h, 1.8mi fractions being collected. Determination of the peptide positions in column eluates, detection of peptides on paper, elution of peptides, dansylation, sequence determination and positions of amide groups were done as described by Welling et atl. (1975a) . Automatic sequencing was done in a JEOL sequence analyser or in a Beckman 890C sequencer. The ratio of monosaccharide residues in glycopeptide TA was determined after methanolysis by g.l.c. essentially as described by Clamp et al. (1971) .
Results
The elution pattern of the affinity chromatography was comparable with that ofgiraffe RNAase (Gaastra et al., 1974) . From three samples of pancreatic tissues (500-700g each) 300mg of RNAase was isolated in a yield of about 60% of the initial activity. After polyacrylamide-gel electrophoresis, three enzymically active bands were visible (see Fig. 1 ). The activity of lesser-rorqual RNAase on RNA at pH7.5 is about 30 % on a molar basis compared with that of bovine RNAase A.
From the tyrosine titration (Tanford et al., 1955) , a ratio of normal to abnormal tyrosine residues in lesser-rorqual RNAase of 2:3 was determined, which means that lesser-rorqual RNAase contains one normal tyrosine residue less than does bovine RNAase.
Determination of the N-terminal residue showed only arginine. By automatic Edman degradation of lesser-rorqual RNAase with a JEOL sequence analyser, the first 16 amino acid residues were determined, and with a Beckman automatic sequencer we could determine the sequence up to residue 34.
Sequence determination
The amino acid analyses of the isolated peptides are given in Tables 1, 2 
Specificity of the proteolytic enzymes
Thermolysin cleaved as expected from its known specificity (Ambler & Meadway, 1968) , except for a Thr-Ser (residues 99-100) cleavage. Digestion with the staphylococcal proteinase resulted in cleavage next to glutamic acid (Houmard & Drapeau, 1972) . However, cleavage next to aspartic acid residues 14, 53, 83 and 121 also occurred. Cleavage after residue 121 with this proteinase was also found in dromedary RNAase (Welling et al., 1975a) glutamic acid residue [evidence from the automatic Edman degradation is given for residues up to position 28, and electrophoretic mobilities at pH6.5 (Offord, 1966) were used in assignments from residues 26 onwards]; (4) information on which pool of collected fractions of the gel filtration each peptide originates from, together with the electrophoretic mobilities, is given in Table 6 ; (5) Figs. 1 and 2 showing the elution pattern of the gel filtrations of the Glu-enzyme digest and the two tryptic digests, and the 'fingerprint' of the G-peptides made by paper electrophoresis at pH3.5. The repetitive features of the sequence Gln-MetMet-Met-Arg-Arg-Lys (residues 27-34) caused us some concern in view of the fact that it was initially determined by automatic sequencing. However, a number of overlapping peptides from different digests were isolated (see Figs. 2 and 3) . The rather long peptide G3 did not give the correct number of methionine sulphone residues, in contrast with peptide H2, which contains five such residues. The sequence was supported by dansyl-Edman degradation of tryptic peptides T4 and T5. All the digests produced peptides from regions 81-91, which have an unexplained excess of aspartic acid. Peptide H8 was a mixture and the residues 85-86 are bridged by a peptide of unsatisfactory composition. However, the extra aspartic acid was not seen when peptides were sequenced, and as this region is usually invariant, it seems most reasonable to propose that the sequence is as shown.
Comparison of the sequence of common-and lesserrorqual RNAase
The tryptic and chymotryptic peptides isolated from the pancreatic RNAase of common rorqual (Balaenoptera physalus) (Yamada et al., 1974) (1974) has exactly the same sequence as peptide TI oflesser-rorqual RNAase and probably represents the first seven amino acid of common-rorqual RNAase.
In conclusion, we suggest that the primary structure of the pancreatic RNAase of common rorqual is identical with that of lesser rorqual, except for a probable Val -7Pro replacement in the region residues 11-32. This points to an extreme conservation of primary structure of ribonucleases within the Balaenopteridae. The same kind of conservation has been observed within the subfamily of the Caprinae and the tribe Bovini (Muskiet et al., 1976) of the Bovidae.
Activity
At pH 7.5 the activity of lesser-rorqual RNAase on RNA is approximately one-third of that of bovine RNAase A. Irie et al. (1966) reported for commonrorqual RNAase A a relative activity of 12.5 % and for RNAase B 25% at pH 8.0, also compared with the bovine enzyme.
Kinetic studies using cytidine 2': 3'-cyclic phosphate and uridine 2':3'-cyclic phosphate as subVol. 157 strates showed similar activity for lesser rorqual and bovine RNAase (Ronda et aL, 1976) . Irie (1968) observed the same for common-rorqual RNAase. Another interesting feature of lesser-rorqual ribonuclease is its high activity on double-stranded RNA (M. Libonati, personal communication). These various enzymic properties have also been found for dimeric bovine seminal RNAase and its artificial monomer (Hosokawa & Irie, 1971; Floridi et al., 1972; Libonati et al., 1975) .
Comparison with other RNAases
Lesser-rorqual RNAase differs in 30 positions from bovine RNAase (see Table 1 ). Four replacements involve hydrophobic amino acids; 13 of the substitutions bring about difference in charge. The total net charge of the lesser-rorqual RNAase is 4 units higher than that of the bovine enzyme, irrespective of the additional histidine residue at position 80. Compared with other RNAases, lesserrorqual and bovine seminal RNAase (Di Donato & D'Alessio, 1973) are the most positively charged RNAases. It is noteworthy that both these RNAases are also rather similar in enzymic properties.
Four substitutions are probablythe result of paired mutations (Wyckoff, 1968) . Glutamic acid-52 and lysine-55 can form a salt bridge and compensate the change ofcharge. The same holds for the replacement of Ala-Asn in bovine RNAase by Lys-Glu (residues 102-103).
All hydrophilic replacements, compared with bovine RNAase, are located at or near the surface of the molecule. Two of the hydrophobic replacements, methionine-6 and leucine-64 are also found in RNAases of Hystricomorph rodents (van den Berg & Beintema, 1975 (Welling et al., 1975a) 
